An efficient method for the conversion of oxiranes to thiiranes by treatment with excess ammonium thiocyanate in aqueous media under reflux or by microwave irradiation is reported.
Introduction
Thiiranes are valuable synthetic building blocks with industrial potential for the preparation of polymers, 1 liquid crystals, 2 adhesives, 3 as many others. 4 In addition, thiirane is an essential heterocyclic core of various compounds with biological activity including selective gelatinase inhibitors, 5 selective A 1 adenosine receptor agonists, 6 potential topoisomerase I inhibitors, 7 estrogen synthetase inhibitor 8 . As a result chemists have made efforts to create an efficient and environmentally benign method for the synthesis of thiiranes. Strategies for the preparation of thiiranes include (1) reaction of alkenes with various reagents including dichlorodisulfides, 9 and iodothiocyanate, 10 (2) reaction of ketones with a sulfuryl lithium, 11 (3) reduction of 1-(benzthiazol-2-yl-sulfanyl)-2-alkanones with sodium hydride, 12 (4) reaction of epoxides with ammonium thiocyanate, 13 or potassium thiocyanate; 14 (5) conversion of epoxides with thiourea, 15 as well as other methods. 16 Among the methods described above, preparation of thiiranes from epoxides, by reaction ammonium thiocyanate with various catalysts and solvents, has been intensively studied and summarized in Table 1 . Although numerous reaction conditions have been investigated, disadvantages such reaction time, use of environmentally unfriendly solvents and toxic heavy metal catalysts remain to be addressed. Herein we disclose a method to convert epoxides to thiiranes in aqueous media either by heating under reflux or by microwave irradiation with varying wave lengths. The method 
Results and Discussion
In our studies, ( Table 2 ) we found that thiiranes can be efficiently obtained from the reaction of epoxide and excess ammonium thiocyanate (2 equv.) in aqueous media by microwave irradiation. Heating under reflux results in a longer reaction time and lower yields than for microwave irradiation. For example, in entry 3, under reflux conditions, it took 3 hours to completely consume the starting styrene oxide (1c), and only trace of styrene thiirane (2c) was formed. In contrast, styrene thiirane (2c) was obtained in 92 % yield by microwave irradiation using a 160 W source. Furthermore, in entry 4, it took 4 hours to give 2-(naphthalene-1-oxymethyl)thiirane (1d) in 53% yield under reflux conditions, but only 45 min to produce 2-(naphthalene-1-oxymethyl)thiirane (2d) in 90% yield by microwave irradiation using a 300 W source. The structures of thiiranes (2a-h) were confirmed by 1 H-NMR and 13 C-NMR ( Table 3) . The Table 4 . 7, 32.1, 73.0, 74.5, 76.4, 127.6, 127.7 127.7, 128.3, 137.8 . 23. 8, 31.3, 72.3, 114.4, 121.0, 129.4, 158.2 .
EI-MS, HRMS of 2a-h and elemental analysis of 2d-h are reported in
2.65 (dd, J 5.8, 1.4 Hz, 1H, H a -3), 2.87 (dd, J 6.6, 1.4 Hz, 1H, H b -3), 3.89 (dd, J 5.8, 6.6 Hz, 1H, 27. 3, 36.3, 126.7, 127.6, 128.3, 128.6 . 7, 31.4, 72.5, 104.9, 120.6, 121.9, 125.2, 125.4, 125.6, 126.4, 127.3, 134.4, 154 .0. 9, 28.8, 31.4, 56.6, 71.7, 73.2, 104.8, 105.1, 112.8, 148.2 152.8, 175.6 . 2a) , ii) aryloxymethylthiirane (2b, 2d, 2e, 2f and 2g), iii) phenylthiirane (2c), and iv) Ofunctional arymethylthiirane (2h). The base peak in EI-MS can be used as for structural identification. The mechanism for formation of the base peak in each category of thiiranes (2a-h) is proposed. The formation of base peak m/z 91 of benzyloxymethylthiirane (2a) involves the loss of a radical from the oxymethylenethiiryl group when initially impacted by an electron, and subsequent cleavage of the C-O bond to generate the benzylic cation which spontaneously converts to a stable tropyllium ion m/z 91, equation 1.
(1)
The formation of the base peak m/z 73 is common to aryloxymethylthiiranes 2b, 2d, 2e, and 2f, equation 2. 
Conclusions
In general in aqueous ammonium thiocyanate solution, epoxides can be converted into thiiranes, by heating under reflux or in higher yield by microwave irradiation .The formation of base peak in EI-MS of resulting the thiiranes was rational.
Experimental Section
General. Melting points (Yanaco micro melting-point apparatus) were uncorrected.
1 H-NMR and 13 C-NMR spectra were obtained on a Varian Gemini-200 or Varian Unity plus 400.
Chemical shifts were measured in parts per million with respect to TMS. MS spectra were recorded on a Chem/hp/middle instrument. HRMS spectra were performed on a JEOL JMS SX/SX 102A instrument. Elemental analyses were recorded on a Heraeus CHN-O Rapid analyzer. Silica gel (230-400 mesh) for column chromatography and the precoated silica gel plate (60 F-254) for TLC were purchased from E. Merck Co. UV light (254 nm) was used to detect spots on TLC plates after development. Microwave irritating was carried on CEM, Discover or PROLABO, SYNTHEWAVE 402 microwave apparatus.
Benzyl glycidyl ether (1a) was prepared according to the known procedure, 17 epoxides (1b, 1d-1f) were prepared from the epoxidation of corresponding allyl compounds with mCPBA in dichloromethane at 0 o C, and epoxides 1c and 1g were purchased from Aldrich.
General procedure for the conversion of oxiranes (1a-g) to thiiranes (2a-h)
The mixture of epoxide (20 mmol), NH 4 SCN (3.04 g, 40 mmol), and H 2 O (200 mL) was stirred and heated to reflux or the mixture of epoxide (2 mmol), NH 4 SCN (0.3 g, 4.0 mmol), and H 2 O (30 mL) was heated and irradiated on the microwave reactor with various reaction time, and energy (130 W to 300 W, see Table 2 ). When the starting material, epoxide, was completely consumed, the resulting mixture was extracted with EtOAc (20 mL × 5). The separated organic layer was combined and washed by brine (20 mL × 1), dried by anhydrous magnesium sulfate, and filtered. The filtrate was concentrated in vacuo, and the resulting residue was purified by silica gel column chromatography (EtOAc: n-hexane = 1: 10) to get pure thiiranes (2a-h). 7, 31.4, 72.5, 104.9, 120.6, 121.9, 125.2, 125.4, 125.6, 126.4, 127.3, 134.4, 154.0; 5, 55.7, 73.5, 114.7, 115.9, 152.5, 154 8, 31.4, 55.8, 56.3, 73.1, 101.0, 104.0, 111.5, 143.8, 149.8, 152.9 
